The behaviour of specimens from a composite made of a thermoplastic matrix PEI (polyetherimide) reinforced with glass-fibre fabric was studied. The material was exposed to accelerated aging in a climatic chamber at 70 o C and a relative humidity of 95%, during periods of time of 10, 30, 60, 90, 180 and 360 days. The specimens were subsequently subjected to isothermal tests at 50, 100 and 150 o C during 250, 750 and 2000 minutes with a constant stress of 40% of the materials tensile strength (obtained to ambient temperature). These three temperature values were selected from the results obtained in tensile tests carried out on specimens subjected to different temperatures ranging between ambient temperature and that of glass transition. In addition, the behaviour of the aged specimens was compared with the original material, using the same parameters of temperature, time and constant stress. An increment in tensile strength with regard to the original material was observed.
INTRODUCTION
Composites with thermoplastic matrix reinforced glass fibre are widely employed owing of their high strength and stiffness with low density. Moreover, they present substantial resistance to corrosion and behave very interestingly under fatigue. However, the use of these materials is fairly limited in applications with relative high temperatures.
There are practically no studies on the thermal behaviour of composites with fabric reinforcement [1, 2, 3] . Thus, in order to test the modification of this material after being subjected to severe conditions a combination of high humidity and temperature have been chosen [4, 5] . The moisture absorbed by the composites depends on the chemical structure of the matrix, on temperature and the relative humidity, and could produce, although it is not habitual, plastification in the matrix and in the interphase fibre-matrix, at the same time as a dimensional variation and a modification in mechanical properties [6, 7] .
In this paper, the behaviour of specimens of the composite subjected to accelerated aging in a climatic chamber at constant temperature and humidity was studied over different periods of time. The specimens were subsequently subjected to thermomechanical load with a stress which was 40% of the materials tensile strength and three different temperatures during different periods of time. Furthermore, the behaviour of the aged and non aged specimens was compared using the same parameters of temperature, time and constant load.
EXPERIMENTAL PROCEDURE
The material, manufactured by Ten Cate Advanced Composites, has a thermoplastic matrix of PEI reinforced with glass-fibre fabric (8 H Satin) and a volumetric fraction of 67%. The dimensions of the specimens were fixed by the ISO/DIS Standard 3268.
The specimens were subjected to accelerated aging inside a hygrothermal chamber at a temperature of 70ºC and a relative humidity of 95% [8, 9, 10] for the following periods of time: 10, 30, 60, 90, 180 and 360 days. On completion of the exposure time, each specimen was subjected to the thermomechanical load. This test was carried out in an Instron Machine, model 5582, with an attachable thermal chamber.
During the test the specimen was subjected to a tensile stress equal to 40% of the materials tensile strength inside the thermal chamber at a constant temperature during a pre-established time.
The constant stress values were determined from the initial tensile tests carried out at different temperatures, between ambient and that of glass transition. The tensile strength for each temperature was obtained in these tests. In addition, the three constant temperatures for the thermomechanical exposure were determined and the periods of time employed were 250, 750 and 2000 min. After this test, the specimen was subjected to a tensile test in order to determine any possible modification in its tensile strength. Five specimens were tested for each combination of all the parameters. After analyzing this figure, the temperatures of 50, 100 and 150ºC were selected for the isothermal tests, as their tensile strengths were almost equidistant. The average values of the tensile strength in thermomechanically aged specimens for the three temperatures and during all the test times were lower than the average value of the original material (438 MPa). The only exception was at 150 o C and 250 minutes (the value is a 1.7% higher), fluctuating between 380.1 MPa (average value of the specimens tested with constant load during 3000 min to 150 o C, which is 13.2% lower than the average value of the original specimens) and 426.3 MPa (average value at 1000 minutes and 150 o C). The conclusion to be drawn is that the strength of the material decreases with the combined effect of constant load-temperature [11, 12] .
The curves in Fig. 2 show that temperature does not have an important effect on tensile strength.
In the graph, a significant change was not detected in the behaviour of the curves for the times between 2000 and 3000 min for the three temperatures studied. For this reason, the decision was adopted to employ 2000 min as the longest time.
3.3 Influence of the aging. Fig. 3 shows the tensile strength for the three temperatures tested thermomechanically, though in this case as a function of the time of the thermomechanical exposure and subjected to accelerated aging. The following conclusions may be drawn from the results presented:
Specimens aged hygrothermally over the periods of time shown in the graphs present higher strengths than non aged specimens, regardless of the temperature of the subsequent test carried out under thermal load.
For 100 and 150 o C, the tensile strengths in the majority of the aged specimens are higher than the average value of the original material, which was not aged or subjected to thermomechanical tests, for all the test times. The temperature of 50 o C influenced the strengths of the specimens aged during more time (180 and 360 days), as values bellow the average strength were obtained.
For the three thermomechanical treatment temperatures, the strength of non aged specimens is similar to or lower than the original material in the majority of periods of time.
A tendency for the strength to increase with aging time can be observed, regardless of the test temperature. The highest values were reached at 90 days of aging, decreasing for longer periods of time (180 and 360 days).
A group of graphs are presented for the purpose of clarifying the results. These graphs relate the different parameters in another way [13] : aging > thermomechanical tests > tensile test, beginning with exposed specimens. The temperature of 50 o C resulted in less strength than that obtained at 100 and 150 o C, approaching (in the aging from 30 to 90 days) or being lower (aging 180 and 360 days) than the average value of the original material and the non aged tested specimens. -As well as the temperature, the duration of the thermomechanical exposure had an influence on the results. In the majority of cases, the strength values are lower for the shorter time (250 min) than those obtained with the other two times.
In this type of graphic representation, it can be observed that the group of specimens aged hygrothermally over 90 days was the most resistant, followed by the group aged during the least time (10 days). In the three temperatures two decreases in strength can be observed, the first one at 30 days and the second at 180 days, the strength subsequently increasing slightly at 360 days. o C. The influence of temperature on the thermomechanical exposure can thus be observed in these graphs. For 50 o C, the tensile strengths are slightly lower than the average values of the original material and not much higher than the non aged specimens in all the groups of specimens aged during periods longer than 10 days. The opposite occurs for the other two temperatures, i.e. the conditions of hygrothermal aging caused an increment in strength with regard to the non aged specimens and the original material.
CONCLUSIONS
Glass-fibre fabric reinforced PEI subjected to a combined effect of temperature and constant load during different times suffers a decrease in tensile strength with regard to the average value of the original material.
The temperature employed in the thermomechanical exposure has no apparent influence on the value of the tensile strength. The time of exposure in the thermomechanical exposure has a greater influence than the temperature on the considered properties, above all in longer periods of time (over 750 minutes). The probable cause is post curing of the matrix due to the temperature effect, although this curing needs a minimum period of time of exposure.
The standarized specimens aged higrothermally at 70ºC and 95% of relative humidity over different periods of time and subsequently subjected to thermomechanical tests present higher tensile strengths than non aged specimens for all periods of aging, as well as higher tensile strength than the average of the original material in the majority of cases. The reason of the increment of the strength is in the influence of the exposure to temperature during long periods of time which leads to post cured in the matrix. It is a similar situation to the thermomechanical exposure.
This composite presents a tendency to increase its strength with the increase in aging time until 90 days, regardless of the isothermal test temperature. The values then decreased for the subsequent time evaluated, 180 days, but recovered in the specimens aged during 360 days.
